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The incidence of obesity is increasing rapidly all over the world and results in numerous health detriments,
including disruptions in reproduction. However, the mechanisms by which excess body fat interferes with re-
productive functions are still not fully understood. After weaning, female rats were treated with a cafeteria
diet or a chow diet (control group). Biometric and metabolic parameters were evaluated in adulthood. Repro-
ductive parameters, including estradiol, progesterone, LH andprolactin during the proestrus afternoon, sexual be-
havior, ovulation rates and histological analysis of ovaries were also evaluated. Cafeteria diet was able to induce
obesity in female rats by increasing body and fat pad weight, which resulted in increased levels of triglycerides,
total cholesterol, LDL and induced insulin resistance. The cafeteria diet also negatively affected female reproduc-
tion by reducing the number of oocytes and preantral follicles, as well as the thickness of the follicular layer.
Obese females did not show preovulatory progesterone and LH surges, though plasma estradiol and prolactin
showed preovulatory surges similar to control rats. Nevertheless, sexual receptiveness was not altered by cafe-
teria diet. Taken together, our results suggest that the cafeteria diet administered from weaning age was able
to induce obesity and reduce the reproductive capability in adult female rats, indicating that this obesity
model can be used to better understand themechanisms underlying reproductive dysfunction in obese subjects.
© 2012 Elsevier Inc. All rights reserved.
1. Introduction
Obesity constitutes a health problem of increasing worldwide
prevalence and presents a major public health concern. Obesity is a
disorder of energy imbalance that develops when energy intake ex-
ceeds energy expenditure [1]. Increased intake of high-calorie food
can increase the risk factors for severe health problems including car-
diovascular disease, non-insulin-dependent diabetes, osteoarthritis,
cancer and metabolic disorders [2]. The negative implications of
early onset obesity have been a major research focus in the past few
years. In addition to the myriad health detriments caused by obesity,
reproduction is also compromised. In fact, signiﬁcant evidence sug-
gests that excess body fat negatively affects reproductive functions
in females in many models of obesity [3–5]. In humans, obesity re-
duces implantation and fetal development [6,7] as well as pregnancy
rates, increases complications with polycystic ovarian syndrome, and
induces annovulatory cycles and irregular menses [8,9]. However, the
mechanisms by which excess body fat interferes with reproductive
function are still not fully understood. In rodents, a model of obesity
that more closely reﬂects Western diet habits is the cafeteria diet.
Considered to be a more palatable diet, the cafeteria diet has been as-
sociated with increased adiposity and insulin resistance [10]. In the
modern world, increased intake of high-calorie food is occurring at
increasingly earlier ages. Since few studies initiate diet-induced obe-
sity at weaning and considering that alterations on reproductive pa-
rameters are directly proportional to the duration of the diet [11]
and epidemiological data indicate that infertility is strongly associated
with earlier onset of excess body weight [12], the aim of the present
study was to analyze the reproductive effects of the cafeteria diet
when initiated at weaning in female rats. Reproductive parameters in-
cluded ovulation, preovulatory plasma levels of estradiol, progesterone,
luteinizing hormone (LH) and prolactin, morphological and structural
parameters of ovaries and sexual receptivity.
2. Materials and methods
2.1. Animals
Pregnant Wistar rats were obtained from the colony of Universi-
dade Estadual do Oeste do Paraná and housed in an animal room. Ap-
proximately 7 days before delivery, females were housed individually
and the presence of pups was checked twice a day. On the day of birth
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(Day 0), litters were culled to 8 per dam by randomly removing some
of pups with minimal contact. After weaning (postnatal day 21), fe-
male pups were housed in same groups of 3–5 per cage (41 cm
long×34 cm wide×17 cm high). All rats were maintained on a 12-h
light–dark cycle (lights on from 07:00 to 19:00 h) and room tempera-
ture of 22±1 °C. Two dietary experimental groups were used: a) con-
trol group (CTL), fed standard rodent chow (12.39 kJ/g — NutrilabTM,
Colombo, Brazil) and water; and b) cafeteria group (CAF), fed cafeteria
diet (22.76 kJ/g) adapted from a previous study [13] and consisting of a
pelletmade of 37.5% standard rodent chow, 25% peanuts, 25% chocolate,
and 12.5% cookies, offered together with palatable food items compris-
ing wafer, snacks, cakes, biscuits, as well as water and soft drinks alter-
nated daily (Pepsi™ and Guaraná Antarctica™). The diets were offered
daily at the same time (12:30 to 13:30 h) and the rats had ad libitum ac-
cess to all diet components. Each day, leftovers were collected and
replaced with new items.
The cafeteria diet was offered from day 21 until the day of sacriﬁce
for animals submitted to sexual behavior and analysis of reproductive
hormones and histology of the ovary, and from day 21 to the day be-
fore blood collection for glucose, insulin, and cholesterol levels (over-
night-fasted rats). After the sacriﬁce of all animals, body weight,
perigonadal and retroperitoneal fat pads weights were measured.
The relation of perigonadal or retroperigonadal fat (grams)/100 g of
body weight was used as parameter to evaluate obesity incidence. Ex-
periments were performed in accordance with the National Institutes
of Health (NIH) guidelines and were approved by the University Re-
search Committee.
2.2. Estrous cycle
After 70th day of age, vaginal smears of all females were taken
daily at 0900 h and analyzed under the microscope and the mean
frequency of diestrus, metestrus, proestrus and estrus [14] was com-
pared between the groups. The estrous cycle was analyzed for ap-
proximately three weeks (about 5 consecutive cycles) before the
start of all experiments.
2.3. Female proceptives and sexual behaviors
Virgin female rats (not subjected to jugular cannulation of blood
sampling prodecures; n=10) aged 85 days were tested with a proven
breeder male; 1) in the observation cage (70×70×35 cm). During the
dark period of proestrus (from 20:00 to 21:00 h), rats were videotaped
for 15 min to record the total numbers of mounts and the lordosis quo-
tient [15]. The index of female sexual receptivenesswas calculated by di-
viding the number of lordosis by the total number of mounts [16]. For
eachmount, the presence or absence of earwiggling, hops and darts dis-
played by the femalewere analyzed. Solicitationswere scored as a head-
wise orientation to themale followed by an abrupt runaway, regardless
of whether the female remained in the male's side of the chamber [17].
2.4. Jugular cannulation and number of oocytes
One day before blood sampling, between 11:00 and 12:00 h, ani-
mals from the control (n=15) and cafeteria (n=13) groups were
submitted to jugular vein cannulation. The rats were anesthetized
with tribromoethanol (Aldrich; 1 ml of a 2.5% solution/100 g body
weight; i.p.) [18] and a silastic cannula was inserted through the ex-
ternal jugular vein into the right atrium [19]. At the time of blood
sampling, a length of polyethylene tubing (PE-50) was connected to
the jugular catheter, ﬁlled with heparinized saline (200 I.U. heparin/ml)
and the rats were allowed to remain undisturbed in their cages for an
additional 30 min until the beginning of the experiment.
Fig. 1. Plasma insulin ((A) ng/ml) and AUC of insulin (B)) and blood glucose ((C) mg/dl and AUC of glucose (D)) of adult cafeteria (CAF) and chow (CTL) fed females, determined by
glucose tolerance test. Blood samples were collected at 0, 15, 30 and 60 min after glucose injection from a jugular catheter. Blood glucose and plasma insulin concentrations are
represented by the means±SEM. Pb0.05 was considered statistically signiﬁcant. The number of animals (n) is given in parentheses.
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On the estrus morning (0900 h), animals that had their blood col-
lected for reproductive hormone analysis on the previous day (proes-
trus afternoon) were decapitated, the ovaries were removed and the
oviduct was dissected and compressed between 2 glass slides. The
number of oocytes of both oviduct ampullae was counted under the
microscope (Zeiss, Goettingen, Germany) with a 2.5×lens [15].
2.5. Intravenous glucose tolerance test (ivGTT)
For intravenous glucose tolerance testing, blood samples were col-
lected through jugular cannula inserted one day before the blood col-
lection for glucose and plasma insulin samples. Glucose and insulin
levels (time 0) were measured in overnight-fasted rats (n=8). A glu-
cose load of 1.5 g/kg body weight was injected (iv) and additional
blood samples were collected at 15, 30 and 60 min to measure
blood glucose and plasma insulin. Blood glucose was measured
using a glucose analyzer (AccuChek Advantage, Roche Diagnostic,
Switzerland). For the insulin assay, the blood samples were centri-
fuged at 3000 g for 15 min and plasma was separated and stored at
−20 °C for later measurement by RIA. Homeostatic Model Assesment
(HOMA) was used to evaluate insulin resistance [20].
2.6. Triglycerides (TG) and cholesterol test
Food was withdrawn 12–14 h before decapitation of animals
(n=8) and blood was collected for determination of plasma concen-
tration of total cholesterol, HDL, LDL and TG. Lipids were measured in
a routine diagnostic analyzer (CHOD-PAP, cholesterol oxidase–perox-
idase enzymatic colorimetric assay) and TG were also determined
(GPO-PAP, glycerol-3-phosphate oxidase enzymatic colorimetric
assay).
2.7. Ovary analysis
Ovaries were ﬁxed in paraformaldehyde 10% and imbedded in
parafﬁn for histological analysis. Serial section of 8 μm were made
on a microtome and stained with Hematoxylin and Eosin. Using an
optical microscope connected to an imaging system, sections were
Fig. 2. Number of normal antral (A), preantral (B), primary (C) and secondary (D) follicles found in the right ovary of cafeteria diet (CAF) and chow diet (CTL) fed females. Pb0.05
was considered statistically signiﬁcant.
Fig. 3. Thickness of theca of antral follicles in normal right ovary of cafeteria diet (CAF)
and chow diet (CTL) fed females. Pb0.05 was considered statistically signiﬁcant.
Fig. 4. Distribution of cafeteria diet (CAF) and chow diet (CTL) fed female rats accord-
ing to the number of oocytes on the day of estrus. Each symbol represents one animal.
Pb0.05 was considered statistically signiﬁcant.
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analyzed to verify the ovarian parameters according to the criteria
previously presented [21].
2.8. Blood sampling of LH, estradiol, progesterone and prolactin
One day before proestrus, between 11:00 and 12:00 h, animals
were submitted to jugular vein cannulation. In the afternoon of proes-
trus day, blood samples (0.6 ml) were collected every hour
(13:00–18:00 h) in plastic heparinized syringes. After each blood sam-
ple was taken, 0.6 ml of 0.9% NaCl (saline) solution was injected to re-
place the volume removed. The blood samples were centrifuged at
3000 g for 15 min. Plasma was separated and stored at −20 °C until
RIA assays for estradiol, progesterone, LH and prolactin.
2.9. RIA
Plasma estradiol and progesterone concentrations were deter-
mined by double-antibody RIA using speciﬁc Estradiol DSL – 4400
and Progesterone DSL – 3400 kits, respectively (Diagnostics Systems
Laboratories, Texas, USA). The lower limit for detection was 7.5 pg/ml
for estradiol and 0.34 ng/ml for progesterone. RIAs for LH and prolactin
were performed using speciﬁc kits provided by the National Hormone
Fig. 5. Plasma estradiol levels ((A) pg/ml and AUC of estradiol (B), plasma progesterone levels ((C) pg/ml) and AUC of progesterone (D), plasma LH levels ((E) pg/ml) and AUC of LH
(F) and plasma prolactin levels (G) pg/ml) and AUC of prolactin (D) in the afternoon of proestrus of adult cafeteria (CAF) and chow (CTL) fed females. Blood samples were collected
at 13:00, 14:00, 15:00, 16:00, 17:00 and 18:00 h from a jugular catheter. Plasma hormone concentration and each bar are represented by the means±SEM. Pb0.05 was considered
statistically signiﬁcant. The number of animals (n) is given in parentheses.
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and Peptide Program (Harbor-UCLAMedical Center, CA, USA). The anti-
bodies used were anti-rat LH-S10 and PRL-S9; the standards were LH-
RP3 and PRL-RP3. The lowest limit for detection was 0.04 ng/ml for LH
and 0.19 ng/ml for PRL.
2.10. Statistical analysis
Blood glucose and plasma insulin levels, TG, total cholesterol, HDL,
LDL and plasma levels of estradiol, progesterone, LH, prolactin and
glucose and insulin content were expressed as means±S.E.M. The
signiﬁcance of differences between groups and between the blood
samples collected throughout the day was determined by two-way
ANOVA with repeated measures followed by the Newman–Keuls
test for multiple comparisons. The areas under the curves (AUCs)
were expressed as means±S.E.M., for plasma estradiol, progesterone,
LH and prolactin in proestrus and glycemia and insulinemia. The sig-
niﬁcance of differences between the groups was determined by Stu-
dent's t-test. The number of oocytes was expressed as a median
(with interquartile range) and compared between the two groups
byMann–Whitney's U test. The ovarian parameters, the mean frequen-
cy of diestrous, metestrus, proestrus and estrus and the means±S.E.M
of HOMA and sexual receptiveness were compared between the 2
groups by the Student t-test. In all cases, the level of signiﬁcance was
set as Pb0.05.
3. Results
3.1. Biometric parameters
The cafeteria diet introduced at weaning was able to induce obesi-
ty in adult female rats. Speciﬁcally, females fed the cafeteria diet pre-
sented body weight (t14=3.21, Pb0.01), perigonadal (t14=6.80,
Pb0.0001) and retroperitoneal fat pads (t13=7.18, Pb0.0001) signiﬁ-
cantly higher than control rats, although no difference was observed
in the nasoanal length of the rats of the cafeteria group, compared to
the control group (Table 1).
3.2. Metabolic parameters
Increased TG (t12=4.72, P=0.0005) and LDL (t12=8.63,
Pb00001) levels and reduced HDL (t12=2.89, P=0.013) levels
were seen in cafeteria group compared to controls, whereas no
difference was observed between groups in total cholesterol
(P=0.209) (Table 2).
Basal blood glucose levels of rats fed with cafeteria diet (Fig. 1A)
did not differ from those of controls; however, glucose levels demon-
strated a more prominent increase in the cafeteria group at 15, 30 and
60 min after a glucose load than in the control group. A constant
time-dependent decrease was observed in glucose levels in both
groups. Signiﬁcant main effects for group (F1.25=60.79, Pb0.0001)
and time (F5677=321.5, Pb0.0001) were detected. A signiﬁcant inter-
action among groups and time was detected (F5677=19.48,
Pb0.0001). The glucose AUC was higher in the cafeteria group, com-
pared to the control group (t23=8.52, Pb0.0001; Fig. 1B). Additional-
ly, basal plasma insulin levels were signiﬁcantly higher in females of
cafeteria group than those of controls (Fig. 1C). After glucose injection
(ivGTT), plasma insulin levels increased in both groups at 15 min and
returned to basal levels at 30 min. It is important to note that the
basal insulin level of cafeteria diet rats was higher than that seen in
controls. Signiﬁcant main effects for group (F1.25=82.13, Pb0.001)
and time (F5677=39.94, Pb0.001) were detected. However, no signiﬁ-
cant interaction between groups and time was detected (F5677)=1.78,
P=0.16). The AUC of cafeteria group was signiﬁcantly higher than
that of the control group (t23=16.03, Pb0.0001; Fig. 1D). Analysis of
HOMA revealed an improvement in HOMA-IR (t12=8.66, Pb0.0001;
Fig. 1E) between cafeteria group and control group (7.09±0.69).
3.3. Ovary histology
Antral follicle numbers in the cafeteria diet group were not differ-
ent from the control group (Fig. 2A) and no atresic follicles were seen
in either cafeteria diet or control groups. However, fewer pre-antral
follicles (Fig. 2B) were found in the cafeteria diet group compared
with those found in controls. No difference between the numbers of
primary (Fig. 2C) and secondary (Fig. 2D) follicles was found in either
group. Analysis of the diameter of normal antral follicles showed the
presence of follicles with a diameter higher than 500 μm in control
and cafeteria diet groups.
Moreover, the theca layer thickness of normal antral follicles
(Fig. 3) in the cafeteria group was smaller than that observed in the
control group.
3.4. Estrous cycle
The mean frequency of diestrus phases was higher in females fed
with cafeteria diet (15.33±0.41, Pb0.05) than in females fed with
chow diet (10.80±0.42). Metestrus (1.30±0.19), proestrus
(2.36 ±0.07) and estrus (3.78±0.39) phases of cafeteria group were
not different from controls (2.04±0.25, 3.51±0.29, 5.96±0.31,
respectively).
3.5. Ovulation
Cafeteria diet (Fig. 4) reduced ovulation rates, suggesting a reduc-
tion on the reproductive capability of females. The median number
(interquartile range) of oocytes in cafeteria diet fed females [1(0/6)]
was signiﬁcantly lower than in chow-fed rats [10(8/12)] (U=15.00,
Pb0.01).
Table 1
Nasoanal length, weights of body and retroperitoneal and perigonadal fats of adult fe-
male rats of control (CTL) and cafeteria diet (CAF) groups.
CTL CAF
Nasoanal length (cm) 20.15±0.18 20.61±0.27
Body weight (g) 242.7±3.79 263.69±5.33*
Perigonadal fat (g/100g of body weight) 2.20±0.26 6.12±0.28*
Retroperitoneal fat (g/100g of body weight) 0.67±0.04 2.11±0.16*
Data are means±SEM (n=8). *Pb0.05 vs CTL.
Table 2
Plasma levels of TG, total cholesterol and HDL and LDL of adult female rats of control
(CTL) and cafeteria diet (CAF) groups.
CTL CAF
TG (mg/dl) 69.50±5.50 111.50±7.21*
Total cholesterol (mg/dl) 69.75±4.85 81.07±3.16
HDL (mg/dl) 30.25±0.49 25.66±1.73*
LDL (mg/dl) 41.05±1.65 65.53±2.43*
Data are means±SEM (n=8). *Pb0.05 vs CTL.
Fig. 6. Sexual behavior (number of lordosis/total number of mounts) of cafeteria diet
(CAF) and chow diet (CTL) fed female rats. Pb0.05was considered statistically signiﬁcant.
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3.6. Proﬁle of reproductive hormones
Fig. 5 shows the hormonal proﬁle during the proestrus afternoon
of cafeteria diet rats. Estradiol levels were not different between cafete-
ria diet and control female rats (Fig. 5A). No signiﬁcant effects for group
(F 1,28=0.05, P=0.83), time of day (F8725=1.28, P=0.28) or interac-
tion among groups and time of day (F8725=0.56, P=0.72) were
detected. The AUC (Fig. 5B) analysis showed no difference between
groups (t25=0.10).
For progesterone (Fig. 5C), signiﬁcant main effects for group
(F1,29=10.35, Pb0.01) and time of day (F 7315=2.87, Pb0.05) and
signiﬁcant interaction between group and time of day were detected
(F7315=2.50, Pb0.05). Post hoc analysis revealed that the plasma pro-
gesterone concentration in the control group reached signiﬁcantly
higher levels at 15:00 h compared to 13:00, 14:00, 16:00, 17:00 and
18:00 h and all times analyzed in cafeteria group. No elevation in
plasma progesterone concentration was observed in the cafeteria
group, which remained similar at all times analyzed. The AUC
(Fig. 5D) of the cafeteria group was signiﬁcantly lower than in the
control group (t23=1.77, Pb0.0001).
For LH (Fig. 5E), signiﬁcant main effects for group (F1,29=5.33,
P=0.038), time of day (F8725=29.44, Pb0.0001) and signiﬁcant in-
teraction between group and time of day were detected
(F8725=17.40, Pb0.0001). Post hoc analysis revealed that plasma LH
concentration in the control group increased signiﬁcantly to higher
levels at 17:00 h, compared to the other times evaluated and to plas-
ma LH concentration of the cafeteria group at 17:00 h. There was no
LH surge in the cafeteria group during the afternoon of proestrus.
The AUC (Fig. 5F) was lower in the cafeteria group, compared to con-
trol group (t23=0.72, Pb0.0001).
For prolactin (Fig. 5G), signiﬁcant main effects were detected for
group (F1,28=5.86, Pb0.05) and time of day (F8725=4.06, Pb0.01).
No signiﬁcant interactions between group and time of day were
detected (F8725=1.39, P=0.24). Post hoc analysis revealed that
there was an increase in plasma prolactin concentration in the control
and cafeteria groups at 16:00 h until 18:00 h, compared to respective
prolactin levels at 13:00, 14:00 and 15:00 h. At 18:00 h, plasma pro-
lactin concentration in the cafeteria group was signiﬁcantly higher
than in controls at the same time. The AUC (Fig. 5H) of the females
of cafeteria group was lower than that of control group (t23=1.29,
P=0.02).
3.7. Proceptives and sexual behaviors
Analysis of ear wiggling (t25=0.41, P=0.687), hops and darts
(t25=0.67, P=0.516), and solicitations (t25=0.51, P=0.617) show
no difference among control and cafeteria groups (Fig. 6). Additional-
ly, no difference was observed among cafeteria diet and chow fed diet
groups on the lordosis quotient and both groups displayed normal
sexual behaviors, indicating that cafeteria diet has no effect on female
sexual behavior (t25=1.36, P=0.186).
4. Discussion
In the present study, we showed that the cafeteria diet, adminis-
tered since weaning, was able to induce obesity and negatively alter
reproductive function in adult female rats. Speciﬁcally, cafeteria diet
fed rats presented plasma levels of progesterone and LH reduced in
the proestrus afternoon, ovulation rates lower in the estrus morning,
as well as changes in morphological and structural parameters of the
ovaries.
The cafeteria diet signiﬁcantly reduced the number of oocytes in
the estrus morning (approximately a third of the cafeteria females
had no oocytes in the cycle phase analyzed). This suggests a deﬁcit
in ovarian follicular growth, which is determined by interactions of
estradiol, LH and FSH [22,23] and could be one of the causes of im-
paired ovulation in obese females.
The absence of the LH surge and subsequent reduction of ovula-
tion observed in the cafeteria group is presumably due to the absence
of the progesterone pulse in the evening of proestrus from the pre-
ovulatory follicle. The momentary signal of GnRH surge seems to de-
rive from the ovarian follicle via acute progesterone secretion prior to
ovulation. This follicular-originated progesterone has a clear and im-
portant effect of amplifying and advancing the estrogen-induced
surge of gonadotropins [24]. Although the gonadotropin surge can
be induced by estradiol itself in female primates [25] and sheep
[26], a small improvement in plasma progesterone levels, after a
pre-improvement in estradiol levels, is necessary for the adequate
magnitude and timing of the preovulatory gonadotropin surge neces-
sary for promoting successful ovulation in rats [24].
Prolactin also seems to inﬂuence ovarian activity, though its effects
on the ovary depend on plasma levels of the hormone. Chronically
high prolactin levels have an inhibitory effect on the hypothalamus-
pituitary axis and promote anovulatory cycles [27], while transitory
improvements in prolactin levels at speciﬁc moments of the cycle
may be important for follicle development. Moreover, prolactin is es-
sential for maximum production of progesterone by human luteinized
granulosa cells in tissue culture [28]. Rats treated with high levels of
prolactin present high serum progesterone [29]. In our results, prolac-
tin levels of cafeteria diet rats showed an increase from 16:00 h on
proestrus afternoon and reached the highest levels at 18:00 h in the
times analyzed. These levels were higher than those seen at 18:00 h
in females fed with standard chow. These increased levels of prolactin
could be signaling an attempt to induce an increase in progesterone
levels.
Histological evaluation of ovaries from cafeteria diet rats demon-
strated a similar morphology and number of antral follicles as females
fed with standard chow. Although the number of antral follicles found
in cafeteria diet rats did not differ between groups, the number of
preantral follicles and the thickness of the layer were reduced in
obese females as compared to lean females.
Follicle development to antral stage is characterized by the continuous
proliferation of granulose and theca cells and by the improvement of
vascularization and oocyte growth [30], secreting estrogens gradually
at higher levels from follicles and stimulating the development of folli-
cles by a positive feedback mechanism [31]. Synthesis of progesterone
by granulosa cells during the preovulatory period depends on the neo-
vascularization of these cells by vessels originated in theca layer. This
neovascularization results in improved cholesterol substrate to steroids
synthesis in granulose cells that is decisive to the increase in progesterone
levels in the preovulatory period and allow the follicle dominant the
continuation of follicular development by retaining the responsiveness
to gonadotrophins [23]. In this manner, the reduction of theca layer
thickness of antral follicles could be signaling a restriction in blood sup-
ply to granulosa cells in the preovulatory period that could be induced
by a reduced responsiveness to LH and consequently, a prevention of
the progesterone surge in obese females. Subsequent studies underly-
ing this hypothesis will help us to better understand it.
Hyperinsulinemia could also be contributing to the reduced ovula-
tion in obese rats. As with other animals [32] and humans [12], our
rats fed with cafeteria diet showed insulin resistance indicated by
HOMA-IR. These animals also showed high concentrations of circulat-
ing triacylglycerols and LDLs and low concentrations of HDLs, which
replicates earlier work [32,33].
An excess of insulin may operate at the pituitary level to dampen
the LH pulse amplitude [34]. This excess contributes to reduced SHBG
concentrations proportionally with its blood levels [35]; as such, ex-
cess insulin may further increase the delivery of free androgens and
estrogens to the target. The excess of local ovarian androgens pro-
motes follicular atresia in rats [36]) and inhibits follicular growth
and development [35] and [37] and [38]. Excess of free estrogens
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could be contributing to the reduced sinalization hypothalamus–pitui-
tary [39]. Obese female DBA/DJ mice show diminished follicular devel-
opment, a 60% decrease in natural pregnancy rates and a suppression
of 50% of GnRH expression [5], that could be induced by a reduction in
preovulatory stimulus of GnRH synthesis by estrogens.
Additionally, a fat-derived factor, such as leptin could also be con-
tributing to favor anovulation. Obese female rats present high levels
of leptin [40] and studies have extensely evidence the important
role of leptin on reproductive alterations in obesity [7] and [41] and
[42]. In vitro and in vivo studies show that high leptin levels in
ovary may interfere in the development of dominant follicles and oo-
cytes maturation [43] and leptin seems to antagonize stimulatory ef-
fects on ovarian cells [44] and [45]. However, if circulating of ovary
leptin is involved on determination of anovulation in obese females
is still unknown and, to interfere on gonadotropins actions, central re-
sistance to leptin in obesity [46], could not be similar in periphery.
To date, most research has focused on sexual dysfunction in mor-
bidly obese men [47]. There have been no comprehensive studies
about the impact of obesity on sexual activity in women. Data on
health issues are limited to questionnaires and are still viewed as con-
troversial. Some studies report a lack of sexual desire and sexual per-
formance in obese women [48,49], though no difference has been
observed in sexual behavior among obese women and their lean
counterparts [50]. This difference could be due to the inﬂuence of so-
cial and psychological mechanisms in sexual behavior in women, be-
sides physiologic factors.
To include information on comorbidities that could act as media-
tors of the relationship between obesity and sexual activity, and con-
sidering that experimental models were less inﬂuenced by social and
psychological factors, we hypothesized that endocrine alterations as-
sociated with insulin resistance could affect lordosis. Nevertheless,
we veriﬁed that despite affecting ovulation, neither the cafeteria
diet nor hyperinsulinemia changed proceptive behaviors or sexual re-
ceptiveness. In diabetic females [51], sexual behavior is maintained if
an energy source such as free fatty acids is available for oxidation
[52]. Although our cafeteria group presented hyperinsulinemia, nor-
mal fasting glucose was observed as compared to controls, which
shows that a sufﬁcient amount of energy substrate for oxidation
was available.
Lordosis requires coordinated actions of gonadal hormones with a
descending neural pathway from the ventromedial hypothalamic nu-
cleus [53,54]. Estradiol action in the ventromedial hypothalamic nu-
cleus is crucial for the promotion of lordosis [55,56]. The ovarian
steroid hormones estradiol and progesterone have profound modula-
tory inﬂuences on neural circuits that regulate sexual behavior
[57,58]. Indeed, the prolactin surge also appears to be an important
modulator of sexual behavior in female rats. In the afternoon of proes-
trus, suppression of the spontaneous prolactin release attenuates sexual
receptivity [59]. Despite progesterone and prolactin alterations, the
basal plasma levels of progesterone in the cafeteria group, as well as es-
trogen and prolactin levels were sufﬁcient to promote sexual receptive-
ness in obese females.
5. Conclusion
Our studies showed that the earlier onset of obesity and subse-
quent metabolic alterations promote a deﬁcit in follicular develop-
ment in adult females. This process inhibited the production and
preovulatory follicle-derived progesterone surge during the proestrus
phase. The absence in progesterone improvement during the after-
noon of the proestrus in females fed with cafeteria diet could be pro-
moting an inhibition of the preovulatory gonadotropin surge.
Consequently, this could induce a reduction of ovulation in obese fe-
males. More importantly, these results indicate that the cafeteria diet
is an animal model of obesity that can be used to understand the
underlying mechanisms of obesity-induced reproduction dysfunction
in females.
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